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ADP: Adenosine-diphosphate, 二磷酸腺苷 
ATP: Adenosine-triphosphate, 三磷酸腺苷 
BAS：Bovine serum albumins, 牛血清蛋白 
DTT： Dithiothreitol, 二硫苏糖醇 
EDTA: Ethylenediaminetetraacetic acid, 乙二胺四乙酸 
ECS: East china sea, 中国东海 
FAD: Flavin adenine dinucleotide, 黄素腺嘌呤二核苷酸 
GDH: Glutamate dehydrogenase, 谷氨酸脱氢酶 
GOGAT: Glutamine 2-oxoglutarate aminotransferase, 谷氨酸合成酶 
GS： Glutamine synthetase, 谷氨酰胺合成酶 
GSA: Glutamine synthetase activity, 谷氨酰胺合成酶活力 
HABs: Harmful algal blooms, 有害赤潮 
NADH: Nicotinamide adenine dinucleotide, 烟碱腺嘌呤二核苷酸 
NADPH: Nicotinamide adenine dinucleotide phosphate, 烟碱腺嘌呤二核苷酸磷酸 
NiR: Nitrite reductase, 亚硝酸盐还原酶 
NR: Nitrate reductase, 硝酸盐还原酶 
NRA: Nitrate reductase activity, 硝酸盐还原酶活力 
SDS: Sodium decdecyl sulsfate, 十二烷基磺酸钠 









































































Sephacry1 S-300 分子筛凝胶过滤和 Phenyl-sepharose CL-4B 疏水层析分离后得到
纯谷氨酰胺合成酶，纯化倍数为 130 倍，得率为 0.615%，分子量为 430Kd，由 8
个分子量为 55.6kD 亚基组成，属 GSⅠ型。谷氨酰胺合成酶对氨氮、羟胺和 ATP
的半饱和常数 Ks 值分别为 0.442mmol，0.157mmol 和 1.12mmol。谷氨酰胺合成
酶的 适反应 pH 值和温度分别为 8.0 和 25℃。在 Mg2+离子参加的反应中谷氨酰




















This study investigated nitrogen nutrient physiology of three harmful algal 
blooms (HABs) species, Skeletonma costatum, Prorocentrum donghaiense and 
Alexandrium catenella, including growth rates, uptake and enzyamic dynamics under 
various nitrogen species and concentrations, discussed the preference and strategies of 
three HAB species to nitrate and ammonium. Glutamine synthetase (GS), an 
important enzyme involved in nitrogen assimilation was also purified and 
characterized from A. catenella. The main results are as follows: 
1．The growth rates of S. costatum, P. donghaiense and A. catenella increased with the 
nitrate concentrations of the culture medium. S. costatum exhibited higher growth rate 
in ammonium culture condition while P. donghaiense and A. catenella presented 
higher growth rate in nitrate culture condition. The optimal ammonium concentration 
for growth of S. costatum and A. catenella was 40µmol/L, while the growth rate of P. 
donghaiense increased with the concentrations of ammonium, indicating P. 
donghaiense was able to tolerate high ammonium concentration. S. costatum 
presented higher growth rate than other two algae in both nitrate and ammonium 
culture condition; 
2．The nitrate reductase (NR) activity exhibited a positive relationship with the nitrate 
concentrations of the culture medium. NR activity of S. costatum was nearly 4-fold 
higher than that of P. donghaiense at high nitrate concentration, suggesting both the 
affinity for intracellular nitrate and the reduction rate of nitrate to nitrite in S. costatum 
was higher than that in P. donghaiense. The NR activity of A. catenella could not been 
detected. The GS activity of three HABs species decreased with the increase of 
ammonium concentrations, and the highest GS activity was found in A. catenella;  
3．The K s of nitrate and ammonium in S. costatum was lower than those in P. 
donghaiense or A. catenella, indicating that S. costatum possessed a higher affinity for 
nitrogen nutrients in competition with P. donghaiense and A. catenella in an 















HABs species was in the order: NH4+>NO3-. Both the affinity to intracellular nitrate 
and the reduction rate of nitrate to nitrite in S. costatum were higher than that in P. 
donghaiense. The K s-GS for ammonium in S. costatum and A. catenella showed an 
increase trend with the ammonium concentrations, while the Ks of P. donghaiense 
was lowest and presented only one value at both low and high ammonium 
concentration ranges, indicating it possessed the highest affinity for intracellular 
ammonium compared to the other two HAB species; 
4．The crude GS precipitated by streptomycin sulphate from A. catenella was purified 
to 130 fold with a final yield of 0.615% after subsequently passing through 
ion-exchange chromatography, Gel-filtration Sephacry1 S-300 and Phenyl-sepharose 
CL-4B. The molecular weight of GS was 430kD with 8 subunits with molecular 
weight of 55.6kD. The Ks of the purified GS for ammonium, glutamate and ATP 
substrates were 0.442, 0.157 and 1.12 mM respectively. The optimal pH and 
temperature of maximal GS activity were 8.0 and 25 . ℃ The presence of Mg2+ 
resulted in the highest GS activity and GS activity was fully inhibited in the presence 
of Fe2+ and Fe3+. 
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